ABSTRACT: Fresh forages are an important natural source of vitamins and fatty acids in ruminant diets, and their 8 concentrations in forage species are important for the quality of animal-derived foods such as dairy and meat products. The aims 9 of this study were to obtain novel information on vitamins and fatty acids (FA) in a variety of forage legumes and non-legume 10 forb species compared to a grass−clover mixture and to explore implications for animal-derived products. Seven dicotyledons 11 [four forbs (salad burnet (Sanguisorba minor), caraway (Carum carvi), chicory (Cichorium intybus), and ribwort plantain (Plantago 12 lanceolata)) and three legume species (yellow sweet clover (Melilotus officinalis), lucerne (Medicago sativa), and birdsfoot trefoil 13 (Lotus corniculatus))] and a perennial ryegrass−white clover mixture were investigated in a cutting trial with four harvests (May− concentrations in some forbs compared with major forages such as lucerne and grass−clover, more total FA in salad burnet, 23 caraway, and birdsfoot trefoil than in lucerne, and higher n-3 FA concentrations in all forbs than in lucerne. Opportunities are 24 discussed to develop novel biodiverse pastures for particular product quality characteristics. (illustrated for β-carotene, Figure 1a ).
■ INTRODUCTION
27 Consumers are increasingly aware of the relationships between 28 their diet, health, and well-being. Retailers and marketers 29 anticipate; this can help to stimulate societal preference for 30 foods that are healthier and more nutritious.
1 Ruminant 31 products have received increased attention due to concern 32 about the environmental impact of ruminant production 2 and 33 health attributes of animal-derived foods due to their high 34 content of saturated FA. Nutritional strategies have been 35 developed to decrease especially the high content of saturated 36 FA and to increase polyunsaturated fatty acids (PUFA) with 37 perceived beneficial effects, for example, conjugated linoleic 38 acid (CLA) (C18:2 cis-9,trans-11), linoleic acid (C18:2n-6), 39 and α-linolenic acid (C18:3n-3), 3−6 and vitamin content in 40 dairy and meat is of great interest. The amount and fatty acid 41 (FA) profile of fat in milk and meat can be modified by animal 42 diet; that is, the PUFA content increases when feeding 43 ruminants feedstuffs with higher contents of PUFA. In practice, 44 green plants are the main source of PUFA in dairy and meat 45 products. Chloroplast lipid contains high proportions of PUFA, 46 of which α-linolenic acid is usually the predominant fatty 47 acid. 5, 6 As α-linolenic acid is the building block of the very long-48 chain n-3 PUFA (EPA and DHA), feeding forage can increase 49 
200
■ RESULTS
201
Vitamins. The α-tocopherol concentrations were on 202 average lowest (P < 0.01) in lucerne and yellow sweet clover 203 (illustrated for β-carotene, Figure 1a ).
216
Birdsfoot trefoil and the grass−clover mixture had the 217 highest lutein concentrations (Table 1) . Figure 1 . Concentrations of (a, top) β-carotene and (b, bottom) total fatty acids in forage of four non-leguminous forb species, three legumes, and a perennial ryegrass−white clover mixture during four cuts (May, July, August, October), averaged (n = 4) over two years (2009 and 2010). The lutein concentration in chervil was 63 mg kg −1 DM. 219 Concentrations of α-tocopherol and β-carotene in chervil were 220 very low, that is, 13 and 10 mg kg −1 DM in the first harvest of 221 2009, respectively. However, the γ-tocopherol concentration 222 was 14 mg kg −1 DM, whereas in most species γ-tocopherol was 223 not detected. Only the grass−clover mixture and lucerne 224 contained γ-tocopherol, in levels ranging from 0 to 4 mg kg (Tables 2 and 3) g Long-chain fatty acids: ≥C18.
Journal of Agricultural and Food Chemistry
269 birdsfoot trefoil, yellow sweet clover, and grass−clover (ca. 270 0.18) and the highest proportions in caraway (0.28). The n-6:n-271 3 ratio was lower in birdsfoot trefoil (0.33) than in all other 272 species; it was highest in caraway (0.89) and higher in lucerne 273 (0.59) than in most other species (Table 2) .
274
Caraway had high amounts and proportions of FA other than 275 the three major FA α-linolenic acid, linoleic acid, and palmitic 276 acid (C16:0); this was also found for borage, chervil, and viper's 277 bugloss. Chervil had a very high total FA concentration (30 g 278 FA kg −1 DM in spring) and a distinct FA pattern with linoleic 279 acid (0.45) as main FA, a low proportion of α-linolenic acid 280 (0.19) being similar to that of palmitic acid, and hence a very 281 high n-6:n-3 ratio (2.55). Its oleic acid proportion (0.07) was 282 about 10 times higher than in other species and was an 283 important compound of "other FA" (0.18 of total FA). C18:4n-284 3 was mainly found in viper's bugloss and borage, ranging from 285 3.1 to 8.9 g kg −1 DM and from 6.2 to 7.2 g kg −1 DM, and from 286 0.02 to 0.04 of total FA and from 0.03 to 0.05 of total FA, 287 respectively.
288
FA profiles of Boraginaceae were different because "other 289 FA" occurred in very high proportions, stearidonic acid 290 (C18:4n-3) being one of these. Borage had almost equal 291 proportions of α-linolenic, linoleic, and palmitic acid of 0.2, 292 whereas other FA had the largest share (0.4); the n-6:n-3 ratio 293 was 1. Viper's bugloss had a FA composition of 0.39 α-linolenic 294 acid, 0.19 palmitic acid, 0.17 linoleic acid, 0.8 stearidonic acid, 295 and 0.17 other FA and a n-6:n-3 ratio of 0.44. Stearidonic acid 296 proportions were relatively high in viper's bugloss and borage 297 (0.02−0.04 and 0.03−0.05 of total FA, respectively), whereas it 298 was only occasionally present in yellow sweet clover and 299 birdsfoot trefoil at <0.01 (Table 2) . and other FA and a lower n-6:n-3 ratio than caraway.
320
Vitamin contents differed largely among legume species, as 321 birdsfoot trefoil had a significantly higher α-tocopherol 322 concentration than lucerne and yellow sweet clover, which 323 was also the case for concentrations of β-carotene and lutein. 324 The grass−clover mixture had a numerically intermediate 325 content (Table 1) , but no information is available on the grass 326 and clover vitamin contents and yields, hampering a direct Vitamins and Fatty Acids. Samples were frozen within 2 h 331 after harvest, and wilting in this period was avoided as much as 332 possible by storage in plastic bags that were kept out of the sun, 333 so no effect of wilting was expected. Mean concentrations of α-334 tocopherol and β-carotene in the grass−clover mixture (39 and 335 48 mg kg −1 DM, respectively) were comparable to those in 336 mixtures in the study of Lindqvist et al. 13 Legumes usually 337 contain less α-tocopherol than grasses, 35 but in Norwegian 338 alpine grazing plants, 36 grasses had a lower content (28 ± 11 339 mg kg −1 DM) of α-tocopherol than forbs (215 ± 94 mg kg −1 340 DM). In the latter study, a different analytical method was used. 341 Small-sized and fine-leaved grass species had very low levels of 342 α-tocopherol (2−6 μg g −1 DM), whereas the contents for large 343 and broad-leaved grasses were significantly higher (48−82 μg 344 g −1 DM). As in our study species differences within each of the 345 functional groups of forbs and legumes were large, and no 346 contrast for forage yield 29 or vitamin contents was found 347 between these functional groups. Chicory was the only species 348 containing δ-tocopherol.
349
In line with our findings, high total FA concentration levels 350 in forbs were also found by Warner et al.:
26 on May 14, chicory 351 contained most (P < 0.01) total FA (32.6 g kg In this study in all species α-linolenic acid was the main 364 component, although the FA profile differed among species. 365 Petersen et al. 28 found α-linolenic acid proportions of 0.38 in 366 white clover, 0.45 in lucerne, chicory, and ribwort plantain, 0.50 367 in yellow sweet clover and salad burnet, and 0.58 in birdsfoot 368 trefoil and perennial ryegrass; concentrations ranged from 3.4 g 369 kg −1 DM in white clover to 10.2 g kg −1 DM in perennial 370 ryegrass. Their linoleic acid concentrations ranged from 1.8 to 371 2.9 g kg −1 DM and were higher in caraway (4.0 g kg −1 DM); 372 proportions ranged from 0.14 in birdsfoot trefoil and perennial 373 ryegrass to 26 in caraway and ribwort plantain, which is in line 374 with our findings.
375
In our study chervil had a high oleic acid content. 
